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roEhmnCATION OF BROADLY REACTWE DR RESTOICTS) EPrro 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation in part of USSN 60/036,713, filed 
January 23, 1997 and 60/037.432 filed February 1,. 1997, both of which are incorporated 

-herein: by. reference... ., . . 

BACKGROUND OF THE INVENTION 

Helper T lymphocytes (HTL) play several important functions in unmunity 
to pathogens. Firstiy. they provide help for induction of both CTL and antibody 
responses. By both direct contact and by secreting lymphokines such as IL2 and IL4, 
HTL promote and support the expansion and differentiation of T and B cell precursors into 
effector cells, in addition, HTL caii also be effectors in their own right, an activity also 
mediated by direct cell contact and secretion of lymphokmes, such as IFNy and TNFa. 
HTL have been shown to have direct effector activity in case of tumors, as well as vkal, 
bacterial, parasitic, and fungal infections. 

HTL recognize a complex formed between Class II MHC molecules and 
antigenic peptides, usually between 10 and 20 residues long, and with an average size of 
between 13 and 16 amino acids. Peptide-Class II interactions have been analyzed in 
detail, both at the structural and functional level, and peptide motifs specific for various 
human and mouse Class II molecules have been proposed. 

In the last few years, epitope based vaccines have received considerable 
attention as a possible mean to develop novel prophylactic vaccines and immunotherapeutic 
strategies. Selection of appropriate T and B cell epitopes should allow to focus the 
immune system tow^d conserved epitopes of pathogens which are characterized by high 
sequence variability (such as HFV, HCV and Malaria). 

In addition, focusing the immune response towards selected determinants 
could be of value in the case of various chronic viral diseases and cancer, where T cells 
dkected against the immunodominant epitopes might have been inactivated while T cells 
specific for subdominant epitopes might have escaped T cell tolerance. The use of epitope 
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based vaccines also allows to avoid "suppressive" T cell determinants which induce THj 
responses, in conditions where a THj response is desirable, or vice versa. 

Finally , epitope based vaccines also offer the opportunity to include in the 
vaccine construct epitopes that have been engineered to modulate their potency, either by 
5 increasing MHC binding affinity, or by alteration of its ICR contact residues, or both. 
Inclusion of completely synthetic non-natural or generically unrelated to the pathogen 
epitopes (such as "PT derived "universal" epitopes), also represents.a possible mean ot. 
modulating the HTL response toward a TH„ or THj phenotype. 

Once appropriate epitope determinants have been defined, they can be 
10 assorted and delivered by various means, which mclude lipopeptides, viral delivery 
vectors, particles of viral or synthetic origin, naked or particle absorbed cDNA. 

However, before appropriate epitopes can be defined, one major obstacle 
has to be overcome, namely the very high degree of polymorphism of the MHC molecules 
expressed in the human population. In fact, more than two htiiidred different types of 
15 HLA Class I and Class II molecules have already been identified. It has been 

demonstrated that in the case of HLA Class I molecules, peptides capable of binding 
several different HLA Class I molecules can be identified. Over 60% of the known HLA 
Class I molecules can, in fact, be grouped in four broad HLA supertypes, characterized by 
similar peptide binding specificities (HLA supermotifs). 
20 In the case of Class HI molecules, it is also known that peptides capable of 

binding multiple HLA types and of being immunogenic in the context of different HLA 
molecules do indeed exist. UntU now, however, a general method for their identification 
has not been developed, probably at least in part a reflection of the fact that quantitative 
DR binding assays are labor intensive and that a large number of Mleles must to be 
25 considered. 

The present invention addresses these and other needs. 
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SUMMARY OF THE INVENTION 

The present invention is based, at least in part, on the discovery and 
validation of specific motifs and assay systems for various DR molecules, representative of 
the worldwide population. Their application to the identification of broadly degenerate 
HLA Class II binding peptides is also described. 

Definitions 

^ Tiie term "peptide" is used interchangeably with "oligopeptid^^^ 
present specification to designate a series of residues, typically L-amino acids, connected 
one to the other typically by peptide bonds between the alpha-amino and carbonyl groups 
of adjacent amino acids. The oligopeptides of the invention are less than about 50 residues 
in length and usually consist of between about 10 and about 30 residues, more usually 
between about 12 and 25, and often between about 15 and abotit 20 residues. 

An "immunogenic peptide" is a peptide which comprises an allele-specific 
motif such that the peptide will bind an MHC molecule aiid induce a HTL response. 
Immunogenic peptides of the invention are capable of binding to an appropriate HLA 
molecule and inducing HTL response against the antigen frpm which the immunogenic 
peptide is derived. 

A "conserved residue" is a conserved aniino acid occupying a particular 
position in a peptide motif typically one where the MHC structure may provide a contact 
point with the immunogenic peptide. One to three, typically two, conserved residues 
within a peptide of defined length defines a motif for an immunogenic peptide. These 
residues are typically in close contact with the peptide binding groove, with their side 
chains buried in specific pockets of the groove itself. 

The term "naotif" refers to the pattern of residues of defined length, usually 
between about 8 to about 11 amino acids, which is recognized by a particular MHC allele. 

The term "supermotif " refers to motifs that, when present in an 
immunogenic peptide, allow the peptide to bind more than one HLA antigen. The 
supermotif preferably is recognized by at least one HLA allele having a wide distribution 
in the human population, preferably recognized by at least two alleles, more preferably 
recognized by at least three alleles, and most preferably recognized by more than three 
alleles. 
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The phrases "isolated" or "biologically pure" refer to material which is 
substantially or essentially free from components which normally accompany it as found in 
its native state. Thus, the peptides of this invention do not contain materials normally 
associated with their i/i 5im environment, e.g., MHC I molecules on antigen presenting 
cells. Even where a protiein has been isolated to a homogenous or dominant band, there 
are trace contaminants in the i^mge of 5-10% of native protein which co-purify with the 
desired protein . Isolated peptides of this invention do not m . 
purified protein. 

The term "residue" refers to an amino acid or amino acid mimetic 
incorporated in an oligopeptide by an amide bond or amide bond mimetic. 

BRffiF DESCimriON OF ™ 

Figure 1 presents a map of the positive or negative effect of each of the 20 
naturally occurring amino acids on DR4w4 binding capacity when occupying a particular 
position, relative to the main P1-P6 anchors. 

Figure 2A presents a map of the positive or negative effect of each of the 20 
naturally occurring anlino acids on DRl binding capacity when occupying a particular 
position, relative to the main H-P6 anchors. 

Figure 2B presents a map of the positive or negative effect of each of the 20 
naturally occurring amino acids on DR7 binding capacity when occupying a particular 
position, relative to the main P1-P6 anchors. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention relates to compositions and methods for preventing, 
treating or diagnosing a number of pathological states such as viral, fungal, bacterial and 
parasitic diseases and cancers. In particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) class 11 molecules and inducing an 
inmiune response. 

Peptide binding to MHC molecules is determined by the allelic type of the 
MHC molecule and the amino acid sequence of the peptide. MHC class I*binding peptides 
usually contain within their sequence two conserved ("anchor") residues that interact with 
corresponding binding pockets in the MHC molecule. Specific combination of anchor 
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residues (usually referred to as "MHC motifs") required for binding by several allelic 
forms of human MHC (HLA, histocompatibility leukocyte antigens) are described in 
International Applications WO 94/03205 and WO 94/20127. Definition of specific MHC 
motifs allows one to predict froni the amino acid sequence of an individual protein, which 
5 peptides have the potential of being immunogenic for CTL. These applications describe 
methods for preparation and use of immunogenic peptides in the treatment of disease. The 
peptides described-here can also be used as-helper T peptides in^eombination with peptides 
which induce a CTL response. This is described in WO 95/07077. 

The DR-binding peptides of the present invention or nucleic acids encoding 

10 them can be administered to mammals, particularly humans, for prophylactic and/or 

therapeutic purposes. The DR peptides can be used to enhance unmtme responses against 
other fanmunogens administered with the peptides, when the peptides of the invention are 
used as helper peptideis. For instance, mixtures of peptides of the invention in 
combination with peptides that induce CTL responses may be used to treat and/or prevent 

15 viral infection and cancer. Alternatively, immunogens which induce antibody responses 
can be used. Examples of diseases which can be treated using the immunogenic mixtures 
of DR peptides and other immunogens include prostate cancer, hepatitis B, hepatitis C, 
AIDS, renal carcinoma, cervical carcinoma, lyniphoma, CMV and condyloma 
acuminatum. 

20 The DR-binding peptides or nucleic acids encoding them may also be used 

to treat a variety of conditions involving unwanted T cell reactivity. Examples of diseases 
which can be treated using DR-binding peptides include autoimmune diseases (e.g., 
rheumatoid arthritis, multiple sclerosis, and myasthenia gravis), allograft rejection, 
allergies (e.g., pollen allergies), lyme disease, hepatitis, LCMV, post-streptococcal 

25 endocarditis, or glomerulonephritis, and food hypersensitivities. 

In therapeutic applications, the inununogenic compositions or the DR- 
binding peptides or nucleic acids of the invention are administered to an individual already 
suffering from cancer, autoimmune disease, or infected with the virus of interest. Those 
in the incubation phase or the acute phase of the disease may be treated with the DR* 

30 binding peptides or immunogenic conjugates separately or in conjunction with other 
treatments, as appropriate. 
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In therapeutic applications, compositions comprising immunogenic 
compositions are administered to a patient in an amount sufficient to elicit an effective 
immune response to the virus or tumor antigen and to cure or at least partially arrest 
symptoms and/or complications. Similarly, compositions comprising DR-binding peptides 

5 are administered in an amount sufficient to cure or at least partially arrest the symptoms of 
the disease and its complications. An amount adequate to accomplish this is defined as 
"therapeutically effective do.^^^^^^^ for this use will ^ the 

peptide composition, the manner of administratidn, the stage and severity of the disease 
being treated, the weight and general state of health of the patient, and the judgment of the 

10 prescribing physician. 

Therapeutically effective amounts of the immunogenic compositions of the 
present invention generally range for the initial imnunization (that is for therapeutic or 
prophylactic administration) from about 1.0 /ig to about 10,000 iig of peptide for a 70 kg 
patient, usually from about 100 to about 8000 fig, and preferably between about 200 and 

15 about 6000 /xg. These doses are followed by boosting dosages of from about 1.0 /ig to 

about 1000 /ig of peptide pursuant to a boosting regimen over weeks to months depending 
upon the patient's response and condition by measuring specific immunogenic activity in 
the patient's blood. 

It must be kept in mind that the compositions of the present invention may 

20 generally be employed in serious disease states, that is, life-threatening or potentially life- 
threatening situations. In such cases, in view of the minimization of extraneous substances 
and the relative nontoxic nature of the conjugates, it is possible and may be felt desirable 
by the treating physician to administer substantial excesses of these compositions. 

For prophylactic use, administration shoidd be given to risk groups. For 

25 example, protection against malaria, hepatitis, or AIDS may be accomplished by 

prophylactically administering compositions of the invention, thereby increasing inunune 
capacity. Therapeutic administration may begin at the first sign of disease or the detection 
or surgical removal of tumors or shortly after diagnosis in the case of acute infection. 
This is followed by boosting doses until at least symptoms are substantially abated and for 

30 a period thereafter. In chronic infection, loading doses followed by boosting doses may be 
required. 
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Treatment of aii infected individual with the compositions of the invention 
may hasten resolution of the infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic infection the compositions 
are particularly useful in methods for preventing ^e evolution from acute to chronic 
infection. Where the susceptible individuals are identified prior to or during infection, for 
instance, as described herein, the composition can be targeted to them, minimizing need 
for administrationto a larger population. 

The peptide mixtures or conjugates can also be used for the treatment of 
chronic infection and to stimulate the inmiune system to eliminate virus-infected cells in 
carriers. It is important to provide an amount of immuno-potentiating peptide in a 
formulation and mdd^ of administration sufficient to effectively stimulate a cytotoxic T 
cell response. Thus, for treatment of chrome infection, a represented 
range of about 1.0 iig to about 5000 /xg, preferably about 5 /ig to 1000 ii% for a 70 kg 
patient per dose. Immunizing doses followed by boosting doses at established intervals, 
e.g., from one to four weeks, may be required, possibly for a prolonged period of time to 
effectively immunize an individual. In the case of chronic infection, administration should 
continue until at least clinical symptoms or laboratory tests indicate that the viral infection 
has been eliminated or substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic or prophylactic treatment 
are intended for parenteral, topical, oral or local administration. Typically, the 
pharmaceutical compositions are administered psurenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. Because of the ease of administration, 
the vaccine compositions of the invention are particularly suitable for oral administration. 
Thus, the invention provides compositions for parenteral administration which comprise a 
solution of the peptides or conjugates dissolved or suspended in an acceptable carrier, 
preferably an aqueous carrier. A variety of aqueous carriers may be used, e.g., water, 
buffered water, 0.9% saline, 0.3% glycine, hyaluronic acid and the like. These 
compositions may be sterilized by conventional, well known sterilization techniques, or 
may be sterile filtered. The resulting aqueous solutions may be packaged for use as is, or 
lyophilized, the lyophilized preparation being combined with a sterile solution prior to 
administration. The compositions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological conditions, such as pH adjusting and 
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buffering agents, tonicity adjusting agents, wetting agents and the like, for example, 
sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, 
sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of DR and/or CTL stimulatory peptides of the invention 

S in the pharmaceutical formulations can vary widely, i.e. , from less than about 0.1%, 

usually at or at least about 2% to as much as 20% to 50% or more by weight, and will be 
selected.primarily,by. fluid volumes, vi^^^ 
mode of admmistration selected. 

The peptides and conjugates of the invention may also be administered via 

10 liposomes, which serve to target the conjugates to a particular tissue, such as lymphoid 
tissue, or targeted selectively to infected cellSj as well as mcrease the half-life of the 
peptide composition. Liposomes mclude emulsions, foams, micelles, insoluble 
monolayers, liquid crystals, phospholipid dispersions, lamellar layers and the like. In 
these preparations the peptide to be delivered is incorporated as part of a liposome, alone 

15 or in conjunction with a molecule which binds to, e.g. , a receptor prevalent among 

lymphoid cells, such as monoclonal antibodies which bind to the CD45 antigen, or with 
other therapeutic or immunogenic compositions. Thus, liposomes filled with a desired 
peptide or conjugate of the invention can be directed td the site of lymphoid cells, where 
the liposomes then deliver the selected therapeutic/immunogenic peptide coinpositions. 

20 Liposomes for use in the invention are formed from standard vesicle-forming lipids, which 
generally include neutral and negatively charged phospholipids and a sterol, such as 
cholesterol. The selection of lipids is generally guided by consideration of, e.g., liposome 
size, acid lability and stability of the liposomes in the blood stream, A variety of methods 
are available for preparing liposomes, as described in, e.g., Szoka, et aL, Am. Rev. 

25 Biophys. Bioeng. 9, 467 (1980), U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 
5,019,369, incorporated herein by reference. 

For targeting to the unmune cells, a ligand to be incorporated into the 
liposome can include, e.g., antibodies or fragments thereof specific for cell surface 
determinants of the desired immune system cells. A liposome suspension containing a 

30 peptide or conjugate may be administered intravenously, locally, topically, etc. in a dose 
which varies according to, inter alia, the manner of administration, the conjugate being 
delivered, and the stage of the disease being treated. 
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Alternatively, DNA or RNA encoding one or more DR peptides and a 
polypeptide containing one or more CTL epitopes or antibody inducing epitopes may be 
introduced into patients to obtain an immune response to the polypeptides which the 
nucleic acid encodes. Wolff , e/. al.. Science 247: 1465-1468 (1990) describes the use of 
5 nucleic acids to produce expression of the genes which the nucleic acids encode. Such use 
is also disclosed in U S. Patent Nos. 5,580,859 and 5,589,466. The nucleic acids ran also 
be adnMnistered using ballistic delive^^^^ 

5,204,253. Particles comprised solely of DNA can be administered. Alternatively, DNA 
can be adhered to particles, such as gold particles. The nucleci acids can also be delivered 
10 cpmplexed to cationic compounds, such as cationic lipids. Lipid-mediated gene delivery 
methods are described, for instance, in WO 96/18372; WO 93/24640; Mannino and 
Gould-Fogerite (1988) BioTechniques 6(7): 682-691; Rose U.S. Pat No. 5,279,833; WO 
91/06309; and Feigner er a/: (1987) /V^c. Mtf^^ 

peptides of the invention can also be expressed by attenuated viral hosts, such as vaccinia 

15 or fowlpox. This approach involves the use of vaccinia virus as a vector to express 

nucleotide sequences that encode the peptides of the invention. Upon introduction into an 
acutely or chronically infected host or into a noniiifected host, the tebombinant vaccinia 
virus expresses the immunogenic peptide, and thereby elicits a host CTL response. 
Vaccinia vectors and methods useful in immunization protocols are described in, e.g., U.S. 

20 Patent No. 4,722,848, incorporated herein by reference. Another vector is BCG (Bacille 
Cahnette Guerin). BCG vectors are described in Stover et al. ( Nature 351:456-460 
(1991)) which is incorporated herein by reference. A wide variety of other vectors useful 
for therapeutic administration or immunization of the peptides of the invention, e.g. , 
Salmonella typhi vectors and the like, will be apparent to those skilled in the art from the 

25 description herein. 

A preferred means of admmistering nucleic acids encoding the peptides of 
the invention uses minigene constructs encoding multiple peptides of the invention along 
with CTL inducing peptides. To create a DNA sequence encoding the selected DR 
peptides and CTL epitopes for expression in human cells, the amino acid sequences of the 

30 epitopes are reverse translated. A human codon usage table is used to guide the codon 
choice for each amino acid. These epitope-encoding DNA sequences are directly 
adjoined, creating a continuous polypeptide sequence. To optimize expression and/or 
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iimnunogenicity, additional elements can be incorporated into the minigene design.- 
Examples of amino acid sequence that could be reverse translated arid included in the 
minigene sequence include: DR peptides of the invention, a leader (signal) sequence, one 
or more CTL epitope, and an endoplasmic reticulum retention signal. In addition, MHC 
5 presentation of CTL epitopes may be improved by including synthetic (e.g. poly-alanine) 
or naturally-occurring flanking sequences adjacent to the CTL epitopes. 
Themmg(?nes^ 

that encode the plus and minus strands of the minigene. Overlapping oligonucleotides (30- 
100 bases long) are synthesized, phosphorylated, purified and annealed under appropriate 

10 conditions using well known techniques, he ends of the oligonucleotides are joined using 
T4 DNA ligase. This synthetic minigene, encoding the CTL epitope polypeptide, can then 
cloned mto a desu"ed expression vector. 

Standard regulatory sequences well known to those of skill in the art are 
included in the vector to ensure expression in the target cells. Several vector elements are 

15 required: a promoter with a down-stream cloning site for minigene insertion; a 
polyadenylation signal for efficient transcription termination; an £. co/i origin of 
replication; and an £. cci/i selectable marker (e.g. ampicillm or kanamycin resistance). 
Numerous promoters can be used for this purpose, e,g.r the human cytomegalovirus 
(hCMV) promoter. See, U.S. Patent Nos. 5,580,859 and 5,589,466 for other suitable 

20 promoter sequences. : 

Additional vector modifications may be desired to optimize minigene 
expression and inmiunogenicity. In some cases, introns are required for efficient gene 
expression, and one or more synthetic or naturally-occurring introns could be incorporated 
into the transcribed region of the minigene. The inclusion of mRNA stabilization 

25 sequences can also be considered for increasing minigene expression. It has recently been 
proposed that inununostimulatory sequences (ISSs or CpGs) play a role in the 
immunogenicity of DNA vaccines. These sequences could be included in the vector, 
outside the minigene coding sequence, if found to enhance immunogenicity. 

In some embodiments, a bicistronic expression vector, to allow production 

30 of the minigene-encoded epitopes and a second protein included to enhance or decrease 

mununogenicity can be used. Examples of proteins or polypeptides that could beneficially 
enhance the immune response if co-expressed include cytokines (e.g., IL2, IL12, GM- 
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CSF), cytokine-inducing molecules (e.g. LeIF) or costimulatory molecules. The HTL 
epitopes of the invention could be joined to intraceDular targeting signals and expressed 
separately from the CTL epitopes. This would allow direction of the HTL epitopes to a 
cell compartment different than the CTL epitopes. If required, this could facilitate more 
5 efficient entry of HTL epitopes into the MHC class H pathway, thereby improving CTL 
induction. In contrast to CTL induction, specifically decreasing the unmune response by 
co-expression of immunosuppre^^ ffllecules (e,^ TQF:&) roay be beneficial in certjun 
diseases. 

Once an expression vector is selected, the minigene is cloned into the 
10 polylmker region downstream of the promoter^ This plasmid is transformed into an 
appropriate E. coli strain, and DNA is prepared using standard techniques. The 
orientation and DNA sequence of the minigene^ as well as all other elements included in 
the vector, are confirmed using restriction mapping and DNA sequence analysis. Bacterial 
cells harboring the correct plasmid can be stored as a master cell bank and a working cell 
15 bank. 

Therapeutic quantities of plasmid DNA are produced by fermentation m E. 
coliy followed by purification. Aliquots fronj the working cell bank are usc^ to inoculate 
fermentation medium (such as terrific Broth), and grown to saturation in shaker flasks or 
a bioreactor according to well known techniques. Plasmid DNA can be purified using 

20 standard bioseparation technologies such as solid phase anion-exchange resins supplied by 
Quiagen. If required, supercoiled DNA can be isolated from the open circular and linear 
forms using gel electrophoresis or other methods. 

Purified plasmid DNA can be prepared for injection using a variety of 
formulations. The simplest of these is reconstitution of lyophilized DNA in sterile 

25 phosphate-buffer saline (PBS). A variety of methods haVe been described, and new 
techniques may become available. As noted above, nucleic acids are conveniently 
formulated with cationic lipids. In addition, glycolipids, fusogenic liposomes, peptides 
and compounds referred to collectively as protective, interactive, non-condensing (PINC) 
could also be complexed to purified plasmid DNA to influence variables such as stability, 

30 intramuscular dispersion, or trafficking to specific organs or cell types. 

Target cell sensitization can be used as a functional assay for expression and 
MHC class I presentation of minigene-encoded CTL epitopes. The plasmid DNA is 
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introduced into a mammalian cell line that is suitable as a target for standard CTL 

chromium release assays, llie transf ecti^^^ methodused will be dependent on the final • 

formulation. Electroporation can be used for "naked" DNA, whereas cationic lipids allow 

direct in v/rra transfection. A plasmid expressing gyeen fluoresMht protein (Gl^y^^^^^ 

co-transfected to allow enrichment of transfected cells using fluor 

sorting (FACS). These cells are then chromium-51 labeled and used as target cells for 

epitope'Specific GTL lines , Cytolysis, dete^^ 

MHC presentation of minigeneHencodj^d GlTL e^ ; 

In vivo immunogenicity is a second approach for functional testing of 
minigene DNA formuliations. Transgenic n^^^ iappropriate huinah MHC 

molecules are immunized with the DNA product: The dose and route of administration 
are fbrnmla^ion dependent (e.g;lM for 
Twenty-one days after immurdzation, splenocy^ 
week in the presence of peptides encoding: each epitope 
(CTLs) are assayed for cytolysis of peptide-loadei^y chrdinium-^51 labd 
standard techniques. Ly^is of target cells sensitized by MHG loading b 
corresponding to inii^ 
v/\^iiiductibn.of"CTLs.::/;V'." 

For solid compositions, cbhventioi^ 
which mclude, for example, pharmaceutical grades of miannitbl, lactose, starch, 
magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium 
carbonate, and the like. For oral administration, a pharmaceutically acceptable nontoxic 
composition is formed by incorporating any of the normally employed excipientSj such as 
those carriers previously listed, and generally 10-95% of active ingredient, that is, one or 
more conjugates of the invention, and more preferably at a concentration of 25%-75%. 

For aerosol administration, the peptides are preferably supplied in finely 
divided form along with a surfactant and propellant. Typical percentages of conjugates are 
0.01%-20% by weight, preferably 1%-10%. The surfactant must, of course, be nontoxic, 
and preferably soluble in the propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon atoms, isuch as caproic, 
octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, such as mixed or 
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■■•13 ; • • • . 

natural glycerides may be employed. The surfactant may constitute 0. 1 %-20 % by weight 
of the composition, preferably 0.25-5%. The balance of the composition is ordinarily 
propellant. A carrier can also be included, as desired, as with, e.jg. , lecithin for intranasal 
delivery.. 

5 In another aspect the present invention is directed to vaccines which contain 

as an active ingredient an immunpgenically effective amount of an immunogenic DR ; 
peptide or 

The conjugate(s) hiay be ind^oduced into^^a 

carrier or as a homopolymer or heteropolymer of active peptide units. Such a polymer has 
10 the advantage of increased immunological reaction and, where different peptides are used 
to make up the polymer, the ^ditional ability to induce antibodies a^^^ 
with different antigenic determipants of ^i^^ 

known in the art; auul; icwilude^ e^g.^ thyroglobulin, albununs such as; tiovine senim^^^ ^ 
albumin, tetanus toxoid, polyamino acids such as poly (lysine :ghrtamic acid), hepatitis B 
15 virus core protein, hepatitis B virus recombinant vaccine and the like. TThe vaccines can 
also contain a physiologically tolerable (acceptable) diluent such as wraterj phosphate 
buffered saline, or saUne/and further typically in^^ 

incomplete Freurid's adjiivant, alunMnum phosphate, aluminum hy^ pr alum are 
materials well known in the art. And, as mentioned above, CTL responses can be primed 

20 by conjugating peptides of the invention to lipids, such as P3CSS. Upon hnmunization 

with a peptide composition as described herein, via injection, aerosol, oral, transdermal or 
other route, the immime system of the host responds to the vaccine by producing large 
amounts of CTLs specific for the desired antigen, and the Hoist becomes at least partially 
immune to later infection, or resistant to devdoping chfoiiic infection. 

25 Vaccine compositions containing the DR peptides of the invention are 

administered to a patient susceptible to or otherwise at risk of disease, such as yiral 
infection or cancer to elicit an unmune response against the antigen and thus enhance the 
patient's own immune response capabilities, for instance with CTL epitopes described in 
**. Such an amount is de&ied to be an "immunogenically effective dose. " In this use, the 

30 precise amounts agam depend on the patient's state of health and weight, the mode of 

administration, the nature of the formulation, etc., but generally range from about 1.0 /ig 
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to about 5000 /xg per 70 kilogram patient, more coirandnly from about 10 /xg to about 500 
fig per 70 kg of body weight. 

In some instances it may be desirable to combine the peptide vaccines of the 
invention with vaccines which induce neutralizing antibody responses to the virus of 
5 interest, particularly to yiral envelope antigens. For instance, PADRE peptides can be 
combined with hepatitis vaccines to increase potency or broaden population coverage. 
Suitable hepatitis vaccines that can be: used in tWs manner HB® 
(Merck) and Engerix-B (Smith-Kline). 

For therapeutic or immunization purposes, the peptides of the invention can 

10 also be expressed by attenuated viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express nucleotide sequences that encode 
the peptides of the invention. Upon mtroduction into an acutely or chronically infected 
host or into a non-infected host, the recombinant vaccinia virus expresses the immunogenic 
peptide, and thereby elicits a host CTL response. Vaccinia vectors and methods useful in 

15 inununization protocols are described in, e.g., U.S. Patent No, 4,722,848, incorporated 
herein by reference. Another vector is EGG (Bacille Calmette Guerin), BCG vectors are 
described in Stover et aL, Nature 351, 456^0 (1991)) which is incorporated herein by 
reference. A wide variety of other vectors useful for therapeutic admim 
immunization of the peptides of the invention, e.g. , Salmonella Qrphi vectors and the like, 

20 will be apparent to those skilled in the art from the description herein. 

Antigenic conjugates may be used to elicit CTL ex vivo, as well. The 
resulting CTL can be used to treat chronic infections (viral or bacterial) or tumors in 
patients that do not respond to other conventional forms of therapy, or will not respond to 
a peptide vaccine approach of therapy. Ex vivo CTL responses to a particular pathogen 

25 (infectious agent or tumor antigen) are induced by incubating in tissue culture the patient's 
CTL precursor cells (CTLp) together with a source of antigen-presenting cells (APC) and 
the appropriate inmiunogenic peptide. After an appropriate incubation time (typically 1-4 
weeks), in which the CTLp are activated and mature and expand into effector CTL, the 
cells are infused back into the patient, where they will destroy their specific target cell (an 

30 infected cell or a tumor cell). 

The peptides of this invention may also be used to make monoclonal 
antibodies. Such antibodies may be useful as potential diagnostic or therapeutic agents. 
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The peptides may also find use as diagnostic reagents. For example, a 
peptide of the invention may be used to determine the susceptibility of a particular 
individual to a treatment regimen which employs the peptide or related peptides, and thus 
may be helpful in modifying an existing treatment protocol or in determining a prognosis 
5 for an affected individual. In addition, the peptides may also be used to predict which 
individuals will be at substantial risk for developing chronic infection. 

• ........... .............. .Elx?^np^es,w«^.^...-•.J..^:.......^ . .. .... ................. 

Materials and Methods 

Gells. The following Epstein-Barr virus (EBV) transformed homozygous cell lines 

10 were used as sources of human HLA Class II molecules: LG2 [DRBlcOlOl {DR1)1 ; 
GM3107 [DRB50101 (DR2w2a)]; MAT {DRB10301 (DR3)1; PREISS [DRB10401 
(DR4w4)I; BIN40 [DRB10404 (DR4wl4)l; SWEIG [DRBlllOI (DR5wll)]; PITOUT 
[DRB10701 (DR7)] (a); KT3 [DRB 10405 (DR4wl5)]; Herluf [DRBUlOl (DR5wl2)]; 
HO30I [DRB11302 (DR6wl9)]; OLL [DRB10802 (DR8w2)]; and HTC9074 [DRB10901 

15 (DR9), supplied as a kind gift by Dr. Paul Harris, Columbia University]. In some 

instances, transfected fibroblasts were used: L466. 1 [DRB11501 (DR2w2b)]; TR81 . 19 
[DRB30101 (DR52a)]; and L257.6 [DRB40101 (DRw53)]. .(ValU Invest. = ' 

91:616 (1993). Cells were mamtained in vitro by culture in RPMI 1640 medium 
supplemented with 2mM L-glutamine [GIBCO, Grand Island, NY], 50^M 2-ME, and 

20 10% heat-inactivated PCS [Irvine Scientific^ Santa Ana, CA]. Cells were also 
supplemented with 100 fig/ml of streptomycin and lOOU/ml of penicillin [Irvine 
Scientific] . Large quantities of cells were grown in spinner cultures. 

Cells were lysed at a concentration of 10* cells/ml in PBS containing 1 % 
NP-40 [Huka Biochemika, Buchs, Switzerland], ImM PMSF [CalBioChem, La JoUa, 

25 CA], 5mM Na-orthovanadate, and 25mM iodoacetamide [Sigma Chemical, St. Louis, 

Mo]. The lysates were cleared of debris and nuclei by centrifugation at 10,000 x g for 20 
mm. 

Affinity purification of HLA-DR molecules. Class II molecules were purified by 
30 affinity chromatography as previously described (Sette, et al J. Immunol 142:35 (1989) 
and Gorga, et al. J. Biol Chem. 262:16087 (1987)) using the mAb LB3.1 coupled to 
Sepharose 4B beads. Lysates were filtered through 0.8 and 0.4 iiM filters and then passed 
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over the anti-DR column, which were then washed with 15-colunm volumes of lOmM 
TRIS in 1 % NP-40, PBS and 2-column volumes of PBS containmg 0.4 % 
n-octylglucoside. Finally , the PR was eluted with SOmM diethylaihine in 0. 15M NaCl 
containing 0.4% n-octylglucoside, pH 11.5. A 1/25 volume of 2.0M Tris, pH 6.8, was 
5 added to the eluate to reduce the pH to -8.0, and then concentrated by centrifugation in 
Centriprep 30 concentrators at 2000 rpm (Amicon, Beverly, M 

Class II peptide-bindiiig assays. A panel of 13 different specific DR-peptide assays were 
utilized in the present study. These assays were chosen as to be representative of the most 

10 common DR alleles. Table I lists for each DR antigen, the representative allelic product 
utilized, the cell line utilized as a source of DR, and the radiolabled probe utilized in the 
assay. Purified human Class 11 molecules [5 to 500 nM] were incubated with various 
unlabeled peptide inhibitors and 1-10 nM '^I-radiolabeled probe peptides: for 48h in PBS 
containing 5% DMSO in the presence of a protease inhibitor cocktail. TTie radiolabeled 

15 probes used were HA Y307-3 19 (DRl), tetanus Toxoid[TT] 830-843 (DR2w2a, 

DRSwlU, DR7, DR8w2, DR8w3. DR9), MBP Y85-100 (DR2w2b), Ttl272-1284 
(DR52a), MT 65 kD Y3-13 with Y7 substituted with F for DR3, a non-natural peptide 
with the sequence YARFQSQTTLKQKT (DR4w4, DR4wl5, DRw53) (Valli, et al 
supra), and for DR5wl2, a naturally processed peptide eluted from the cell line CIR, 

20 EALIHQLINPYVLS (DR5wl2) and 650.22 peptide, (TT 830-843 A - S836 analog), for 
DR6wl9. 

Radiolabeled peptides were iodinated using the chloramine-T method. 
Peptide inhibitors were typically tested at concentrations ranging from 1201 /ig/ml to 1.2 
ng/ml. The data were then plotted and the dose yielding 50% inhibition (IC50) was 

25 measured. In appropriate stoichiometric conditions, the IC50 of an unlabeled test peptide 
to the purified DR is a reasonable approximation of the affinity of interaction (Kd). 
Peptides were tested in two to four completely independent experiments. The final 
concentrations of protease inhibitors were: ImM PMSF, 1.3nM 1.10 phenanthroline, 73 
/xM pepstatin A, 8mM EDTA, and 200 /aM N alpha-p-tosyl-L-lysine chloromethyl ketone 

30 (TLCK) [All protease inhibitors from CalBioChem, La JoUa, CA]. Final detergent 

concentration in the incubation mixture was 0.05% Nonidet P-40. Assays were performed 
at pH 7.0 with the exception of DR3. which was performed at pH 4.5, and DRw53, which 
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was performed at pH 5.0, The pH was adjusted as previously described (Sette, et al J. 
Immunol 148:844(1992)). 

Class II peptide complexes were separated from free peptide by gel 
filtration on TSK2000 coluims (TosoHaas 16215, Montgomery ville, PA), and the fraction 
of bound peptide calculated as prpviously. described (Sette, et al , (1989) supra) . In 
: preliminary experiments, the DR prep was titer^^^ 

bind 10-20% of the total radioactivity . All subsequent inhibition and direct binding assays 
were the performed using these Class II concentrations. 

DRBl specificity of DR4wl5, DR6wl9, DR8w2, DR8w3, and DR9 assays. 

Because Uie antibody useid for purification is a-^chain specific, p 1 molecules 
are not separated from P3 (and/qr iP4 and pS) mbieculesi Development and validation of 
assays in regard with DRp chaiih spedfe^ described in detail elsewhere for 

many of the DR alleles listed above (108). Herein we describe for the first time DR4wI5, 
DR6wl9, DR8\y2, DR8w3, and DR9 assays. Experiments addressmg jfte^P^^ 
$pecificity of these new assays are describ in the present section, 

DR4wl5. Tlie P4 product 
determination of the specificity 6f the PR4wl5 binding assay is complicated in thiat the! 
same radiolabeled ligand is lised for both the DR4w 15 and DRw53 binding assays. Since 
typically p i chams are expressed at 5-10 fold higher levels than other p chains, and all 
binding assays are performed utilizing limitmg DR amounts, it would be predicted that the 
dominant specificity detected in the assay would be pR4wl5. To verify that this was 
indeed the case, the binding pattern of a panel of 58 different synthetic peptides in the 
putative DR4wl5 specific assay with that obtained m a DRw53 specific assay (which uses 
a PRw53 fibroblast as the source of Class n molecules). Two veiy distinct binding 
patterns were noted, and m several instances, a peptide bound to one DR molecule with 
high affinity, and did not bind to the other (data not shown). 

DR6wl9. The DR6wl9 assay utilizes as the source of Class II molecules 
the EBV transformed homozygous cell line H0301, which co-e:q)resses DRB303O1 
(DR52a). While the radiolabeled ligand used in the DR6wl9 assay is different than that 
used for the DRS2a assay, the ligand is related (i.e., is a single substitution analog) to a 
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high affinity DR52a binder. As was done in the case of DR4wl5, the specificity of the 
assay was investigated by analyzing the binding capacity of a panel of naturally occurring 
peptides for DR6wl9 and DR52a. The two assays demonstrated completely different 
binding specificities. For example, in terms of relative binding, TT 1272-1284 binds 
5 63-fold better in the DR52a assay than in the DR6wl9 assay. Conversely, the Invariant 
chain peptide binds 189-fold better in the DR6wl9 assay. In conclusion, these data 
demonstrated-that'the binding of t^^ 
from the H030i cell Ime is specific for DR6wl9. 

DR8w2 and DR8w3. The pi specificity of the DR8w2 and DR8w3 assays 
10 is obvious in that no P3 (and/or B4 and p5) molecule is expressed. 

DR9. The specificity of DR9 assay is inferred firom previotis stu 
have shown that the TT 830-843 radiolabeled probe peptide does not bind to DRw53 
molecules (Alexander, et aL, Immunity 1:751 (1994)). 

15 ■ Results 

DR binding affinity of antigenic peptides recognized by DR restricted T cells 

To define a threshold DR binding affinir/, to be considered as biologically 
significant, we compiled the affinities of a panel of 32 reported instances 6f DR restriction 
of a given T cell epitope. In approximately half of the cases, DR restriction wias 

20 associated with affinities of less than 100 nM, and in the other half of the instances, with 
IC50% in the 100-1000 nM range. Only in 1 out of 32 cases (3.1%) DR restriction was 
associated with IC50% of 1000 nM or greater. It was noted that this distribution of 
affinities differs from what was previously reported for HLA class I epitopes, where a vast 
majority of epitopes bound with IC5Q% of 50 nM or less (Sette, et al , JI, 1994). This 

25 relatively lower affinity of class II restricted epitope interactions might explain why 

activation of class n restricted T cells in general requires more antigen relative to class I 
restricted T cells. 

In conclusion, this analysis suggested that 1000 nM may be defined as an 
affinity threshold associated with immunogenicity in the context of DR molecules, and for 
30 this reason a suitable target for our studies. 

PI and P6 anchors are necessary but not sufficient for DRB10401 binding 
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Several independent studies have pointed to a crucial role in DRB10401 
binding of a large aromatic or hydrophobic residue in position 1, near the N-terminus of 
the peptide and of a 9-residue core region (residues 1 through 9). In addition, an 
important role has been demonstrated for the residue in position six (P6) of this 9-residues 
5 core region: Short and/or hydrophobic residues were in general preferred in this position 
(O'SuUivan, et al, JI 147:2663, 1991; Sette, e/a/,, JI 151:3163, 1993; Hammer, et al\ 
Cell 74: 197, 1993 and Marshal^v^e^a/. , JI:154!5927rl995). 

In the present set of experiments, a library of 384 peptides was^^^ 
DRB10401 binding capacity and screened for the presence of the P1-P6 motif (that is, F, 

10 W, Y, L, I, V or M m PI and S, T, C, A, P, V, I. L or M in P6, at least 9 residues apart 
from the peptide C-terminus. This set of 384 peptides contained a total of 80 DR4w4 
binders (specifically 27 good binders [IC50 of 100 liM or less], and 53 intermediate 
binders [IC50 of the 100-1000 range]. Seventy-seven out of the 80 DR4w4 binders (96%) 
carried the P1-P6 motif. HoweVer, it should be noted that most non-DR4w4 binding 

15 peptides also contained the P1-P6 motif. Of 384 peptides included in our database, only 
125 were "P1-P6 negative. " Only three of them (6%) bound appreciably to purified 
DR4w4 as opposed to 77/259 (30%) of the "P1-P6 positive" peptides. Therefore, these 
results demonstrate that presence of suitable PI and P6 anchors are necessary but not 
sufficient for DRB10401 bmdmg. 

20 

A detailed map of DRB10401 peptide interactions 

Next, for each P1-P6 aligned core region, in analogy with what the strategy 
previously utilized to detail peptide class I interactions the average binding affinity of 
peptides carrying a particular residue, relative to the remainder of the group, were 

25 calculated for each position. Following this method a table of average relative binding 
(ARB) values was compiled. This table also represents a map of the positive or negative 
effect of each of the 20 naturally occurring amino acids on DRB 10401 binding capacity 
when occupying a particular position, relative to the main P1-P6 anchors (Figure 1). 

Variations in ARB values greater than four fold (ARB ^ 4 or ^ 0.25) were 

30 arbitrarily considered significant and indicative of secondary effects of a given residue on 
DR-peptide interactions. Most secondary effects were associated with positions 4, 7, and 
9. These positions correspond to secondary anchors engaging shallow pockets on the DR 
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molecule. In addition, significant secondary effects were detected for M in position 3 
(ARB = 12.8) T in position 3 (ARB = 4.34) and I in position 5 (ARB = 4.4). 

Development of a DRB10401 spedfic algorittun 
5 Next, the ARB table was utilized to develop a DRB10401 specific 

algorithm. In order to predict 0401 binding propensity, each aligned P1-P6 sequence was 

scbired by multiplying, for each positiohrthe ARB value of the appropriate amino aeid. 

According to this procedure, a numerical "algorithm score" was derived. If multiple 

P1-P6 alignments were possible, binding scores were calculated for each one and the best 
10 score was selected. The efficacy of this method in predicting 0401 binding capacity is 

shown in Table Ila. 

Considering only peptides with algorithm scores above -17.00 narrowed the 

set of predicted peptides to 156. This set still contained 72 out of 80 (90%) of the total 

high or intermediate DR binders. Raising the cut-off to an algorithm score of -16.44 or 
15 higher still allowed identification of 60 out of 80 (75%) of the PR4w4 binding peptides. 

Of the whole 107 peptide set, twenty-five of them were either good or intermediate 

binders. In other words, as expectdi, incre^^ 

a smaller fraction of the total bmders present in the set, biit at the same time less false 
positive peptides were identified. 

20 

Blind test of the predictive power of the DRB10401 specific algorithm 

To verify that the predictive capacity of our algorithm was not merely a 
reflection of having utilized the same data set to test and define the algorithm itself , we 
further examined its efficacy in a blind prediction test. For this scope we utilized data 

25 fi-om an independent set of 50 peptides, whose binding affinities were known, but that had 
not been utilized in the derivation of the algorithm. As shown in Table lib, the algorithm 
was effective in predicting DR4w4 binding capacity of this independent peptide set. The 
algorithm score of -17.00 identified a total 18 peptides. This set contained 3/3 (100%) of 
all good binders, and 8/11 (70%) of all intermediate binders m the entu^e test set of 50 

30 peptides. Increasing the cut-off value to -16.44, identified a set of nine peptides. Seven 
of them (78%) were either good or intermediate binders. This set contained 7 out of 14 
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(50%) of the binders contained in the blind prediction peptide set. In conclusion^ these 
data supports the validity of the DR4w4 specific algorithm described above. 

DetaUed maps of DRB10401, DRBIOIOI, and DRB10701 peptide binding specificities 
5 Next, we analyzed the binding to purified DRl and DR7 molecules for the 

same set of 384 peptides utilized to define the DR4w4 algorithm. It was found that this set 
- -contained 120 and^94)inders for the^DRl and DR^ allelesrrespectively.^.^^^^^^^^ 

peptides were capable of binding either DRl , DR4w4 or DR7. A large fraction of them 
(73/158; 46%) were also degenerate binders, which bound two or more of the three alleles 
10 thus far considered. Furthermore, we also found that more than 90% of the DRl or DR7 
good and intermediate binders carried the P1-P6 motif. Most unportantly, 72 out of 73 
(99 %) degenerate DR binders carried this motif (data not shown). In conclusion, this 
analysis suggests that P1-P6 based algorithms might be utilized to effectively predict 
degenerate DR binders. 

15 In analogy with what was described above for DR4w4 molecules, specific 

algorithms were designed for the DRl and DR7 alleles. Figures 2A and 2B detail the 
allele specific maps defined according to this method. 

As in the case of DRB10401, most secondary effects were concentrated in 
positions 4, 7 and 9. Position 4 was especially pronunent in the case of DRl , while 

20 position 7 was the most prominent secondary anchor for DR7. Specific algorithms were 
developed based on these maps, and it was foimd that the cut-off values necessary to 
predict 75 % or 90% of the binders were -19.32 and -20.28 for DRl, and 20.91 and 
-21.63 for DR7, respectively. Depending on the particular allele or cut off value selected. 
40 to 60% of the predicted peptides were in fact good or intermediate binders (data not 

25 shown). 

Development of a DRl-4-7 combined algorithm 

Finally, we examined whether a combined algorithm would allow to predict 
degenerate binders. For this purpose, the sequences of the 384 peptides in our database 
30 were simultaneously screened with the three (DRl, 4w4, and 7) specific algorithms. It 
was found that an even 100 peptides were predicted (using the 75% cut o^ to bind either 
two or three of the alleles considered. This set contained 59 out of 73 (81 %) of the 
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peptides which were in fact capable of degenerate 1-4-7 binding (defined as the capacity to 
bind to more thaii one of the DRl, 4w4 or 7 alleles) (Table III). 

Definition of a target set of DR specificities, representative of the world population 
5 The data presented in the preceding sections illustrates how peptides capable 

of binding multiple DR alleles can be identified by flie use of a combined "1-4-7" - 
algorithm: Nextv we wished to examine whether the peptides exhibiting degenerate M-7 
binding behavior would also bind other common DR types as well. As a first step in our 
experimental strategy, we sought to define a set of target DR types representative of a 

10 large (^ 80%) fraction of the v/orld population, irrespective of the ethnic population of 

origin. For this purpose, seven additional DR jmtigens were considered. For each one of 
the DR antigens considered in this study, (including DRl . 4 and 7), the esthnated 
fi-equency in various ethnicities, according to the most recent HLA workshop (1 Ifli, 1991) 
is shown in Table TVa, together with the mam subtypes thus far identified; 

15 For the purpose of measuring peptide binding affinity to the various DR 

molecules, one representative subtype for each DR antigen was chosen (Table I). It 
should be noted that for most antigens, either one subtype is by far the most abundant, or 
alternatively a significant degree of similarity in the binding pattern displayed by the 
different, most abundant subtypes of each DR antigen is likely to exist (see cominents 

20 colunm of Table IVb). One exception to this general trend is represented by the DR4 

antigen, for which significant differences in peptide specificity between the 0401 and 0405 
have been reported. Since both alleles are quite frequent (in Caucasians and Orientals, 
respectively) we included both DR 0401 and 0405 in the set of representative DR binding 
assays. 

25 Our set of representative assays is mostly focused on allelic products of the 

gene, because these molecules appear to be the most abundantly expressed, serve as the 
dominant restricting element of most human class III responses analyzed thus far, and 
accurate methods for serologic and DNA typing most readily available. However, we 
have also considered in our analysis assays representative of DRB3/4/5 molecules (Table 

30 IVc). These molecules serve as a functional restriction element, and their peptide binding 
specificity has been previously shown to have certain similarities to the specificity of 
several common DRp^ allelic products. 



wo 98/32456 ^3 PCT/US98/01373 

A general strategy for prediction of DR-degenerate binders. 

To test whether the 1-4-7 combined algorithm would also predict degenerate 
binding to other common DR types, we measured the capacity of three different groups of 
synthetic peptides to bind the panel of purified HLA DR molecules. The three different 
5 peptide sets were: A) 36 peptides which did not score positive in the combined 1-4-7 
algorithm (non-predictions), B) 36 peptides which did score positive for the 1-4-7 
algorithmrat the 75 % cut off levelr but^^^ 

degenerate 1-4-7 binders ("wrong" predictions), and C) 29 peptides which scored positive 
in the 1-4-7 algorithm, and also proved upon experimental testing, to be actual 1-4-7 
10 degenerate binders (correct predictions). The results of this analysis are shown in Table 
V. 

Within the set of "non-predictions" peptides (Table Va) only 3 out of 34 
(9%) bound at least two of the DRl, 4w4 or 7 molecules. Interestmgly, 2 (1136.04 and 
1136.29) out of 3 of these peptides were also rather crossreactive, and bound additional 

15 DR types (DR2w2 p2, DR4wl5, 5wl 1 and 8w2 in the case of 1 136.04, and 2w2 P2, 

4wl5, 9 and 5wl2 in the case of 1136.29). Peptides from the "wrong predictions" peptide 
set (Table V5), by definition bound at the most only one of the DRl, 4w4 or DR7 
molecules, and were also poorly degenerate or other DR types with 
only two peptides (1136.22 and 1188,35) binding a total of tiu-eeDR molecules- Within 

20 this peptide set, no peptide bound four or more of the DR molecules tested (data not 
shown). 

These results are contrasted by data obtained with the peptide set 
corresponding to peptides which were first predicted by the use of the combined 1, 4, 7 
algorithm, and then experimentally found to be degenerate DRl-4-7 binding. Fourteen out 
25 of 29 peptides tested (48 %) bound a total of five or more alleles. Four of them were 
remarkably degenerate (1188.16, 1188.32, 1188.34 and F107.09) and bound a total of 
nine out of the 11 DR molecules tested. In conclusion, these results suggest that a strategy 
based on the sequential use of a combined DRl, 4, 7 algorithm and quantitative DRl, 4, 7 
binding assays can be utilized to identify broadly crossreactive DR binding peptides. 
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Definition of the HLA-DR 1-4-7 supertype 

The data presented above also suggested that several common DR types are 
characterized by largely overlappmg peptide binding repertoires/ When this issue was 
analyzed in more detail, by analyzing the binding pattern of the thirty-two peptides from 
5 Table Va and b which were actual DRl-4-7 degenerate buiders. Thirty-one of them (97%) 
bound DRl, 22 (69%) DR4w4 and 21 (66%) DR7, These files are contrasted with the 
low percentages of binding observed adiongst the remainder non-degenerate binding v. 
peptides (17/67 (25%). 8/67 (12%) and 7/67 (10%), for DRl, 4w4 and 7, respectively) 
(Table VII). 

10 Interestingly, a large fraction of the 1-4-7 degenierate binders also bound 

certain other common DR types. Sixteen (50%) bound DR2w2a, 18 (56%) DR6wl9, 18 
(56%) DR2w2b and 20 (62%) DR9. In all; cases, the frequency of binding in the non-i-4- 
7 degenerate peptide set was much lower (Table VIII). 

Significant, albeit lower, frequencies of cross reactivity were noted also for 

15 DR4wl5, DRSwll, andDR8w2 (in the28 to 37% range)/Finally/negli^^^ 

cross reactivity were observed in the case of DR3 and 5wl2 and DR53. Further studies 
will ad(h:ess whether either of these two group of iiolecules (bR4wl5, 5wl 1 , and 8w2 on 
one hand, and DR3, DRSS and 5wl2 on the other) niight belong to different DR 
supertypes. 

20 In conclusion, these data demonstrates that a large set of DR molecules 

encompassing DRl, 4w4, 2w2a, 2w2b, 7, 9 and 6wl9 is characterized by largely 
overlapping peptide binding repertoires. 

Discussion 

25 In the present report we have analyzed the peptide bmding specificity of a 

set of 13 different DR molecules, representative of DR types common among the 
worldwide population. Detailed maps of secondary anchors and secondary interactions 
have been derived for three of them (DR4w4, DRl and DR7). Furthermore, we 
demonstrated that a set of at least seven different DR types share overlapping peptide 

30 binding repertoires; and consequently that broadly degenerate HLA DR bindmg peptides 
are a relatively conunon occurrence. This study also describes computerized procedures 
which should greatly assist in the task of identification of such degenerate peptides. 
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We would like to discuss the data in the context of our current 
understanding of peptide-class II interactions, as well as in the context of the recently 
described class I supermotifs. Finally , the potential unplications of broadly degenerate 
class II epitopes for epitope based vaccine design should also be considered. 
5 Firstly, our studies illustrate how the vast majority of the peptides binding 

with good affinity to DR4w4, DRl, DR7 and inost of the other DR types analyzed in the 
current study (data not shown) ^ are all characterized by -a PlrE6 motif xonsistent with the 
one originally proposed by 0*Sullivan, et aL Crystallographic analysis of DRl-peptide 
complexes revealed that the residues occupying these positions engage two complementary 

10 pockets on the DRl molecule, with the PI position correspondmg to the most; crucial 
anchor residue and the deepest hydrophobic pocket. Our analysis also illustrates how 
other "secondary anchor" positions drastically influence, in an allele-specific manner 
peptide binding capacity. Position 4 was found to be particularly crucial for DRl binding, 
position 9 for DR4w4, and position 7 for DR7. These data are consistent with previous 

15 results which originally described such allele-specific anchors, and with crystallographic 
data which illustrates how these residues engage shallow pockets on the DR nlolecule. 

Secondly, our studies illustrate how an approach based On alignment and 
calculation of average relative binding values of large peptide libraries allows definition of 
quantitative algorithms to predict bindmg capacity . The present study extends those 

20 observations to two other common HLA-DR types, and also illustrates how the combined 
use of the 1-4-7 algorithms can be of aid in identifying broadly degenerate DR binding 
peptides. 

The data presented herein suggest that a group of common DR alleles, 
including at least DRl, DR2w2a, DR2w2b, DR4w4, DR6wl9, DR7 and DR9 share a 

25 largely overlapping peptide repertoire. Degenerate peptide binding to multiple DR alleles, 
and recognition of the same epitope in the context of multiple DR types was originally 
described by Lanzavechia, Sinigallia's and Rothbard's groups. The present study provides 
a classification of alleles belonging to a main HLA-DR supertype (DRl-4-7-like) which 
includes DRl, DR2w2a, DR2w2b, DR4w4. DR7, DR9, DR6wl9. On the basis of the 

30 data presented herein, at least two additional groups of alleles exist. The first group 

encodes for molecules with significant, albeit much reduced overlap with the 1-4-7-like 
supertype (DR4wl5, 8w2, 5wll). The second group of alleles (5wl2, 3wl7, and w53) 
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clearly has little repertoire association with the 1-4-7 supertype. In this context it is 
interesting to note that Hammer, et al noted that good DR5wl 1 binding peptides are 
frequently characterized by positively charged P6 anchor (which would be poorly 
compatible) with the herein proposed 1-4-7 supermotif. It is also interesting to note that 
Sidney, et al. proposed that DR3>yl7 binds a set of peptides largely distinct from those 
bound by other conmion DR types. Future studies will have to determine whether any of 
the moleculellistedl above can be groupied in additional DR.supertypes...,, O^^ 
currently investigating whether analysis of polymorphic residues lining the peptide binding 
pockets of DR can be utilized to aid in the classification arid prediction of HLA DR 
supertypes. 

We would like to coniment on similarities and differences between the HLA 
DR supertype described herein and the recently described HLA class I supermotifs. Class 
I supermotifs are clear-cut and, as a rule, non-overlapping. Four of them have been 
describedallapproximately equally frequent amongst the Worldwide pb^^ By 
contrast, the repertoire defining the HLA DR supertype herein described is not clear-cut 
and overlaps, at least in part, with the repertoire of other alleles. It also appears that on 
the basis of the data presented in Tables I and IV, even if other DR supertypes exist, the 
DRl-4-7 is going to be by far the most abundantly represented worldwide. 

Finally, we would like to point out the possible relevance of these data in 
terms of development of epitope based vaccines. Class II restricted HTL have been 
implicated in protection from, and termination of many important diseases. Inclusion of 
well defined class II epitopes in prophylactic or therapeutic vaccines may allow to focus 
the immune response towards conserved or subdominant epitopes, and avoid suppressive 
determinants. Based on the data presented herein (Table IV), the DRl-4-7 supertype 
would allow coverage in the 50 to 80% range, depending on the ethnicities considered. It 
is thus possible that broad and not ethnically biased population coverage could be achieved 
by considering a very lunited number of peptide binding specificities. 

Based on the results present above, the sequences of various antigens of 
interest were scanned for the presence of the DR 1-4-7 motifs. Peptides identified using 
this approach are broadly cross reactive, class II restricted T cell epitopes. Table VIII 
presents a listing of such peptides derived from HBV, HCV, HIV and Plasmodium 
falciparum (Pf). A total of 146 peptides were identified: 35 from DHBV, 16 from HCV, 
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27 

50 from HIV, and 45 from Pf, Standard conservancy criteria were employed in applicable 
cases. 

The above examples are provided to illustrate the invention but not to limit 
its scope. Other variants of the invention will be readily apparent to one of ordinary, skill 
in the art. All publications, patents, and patent applications cited herein are hereby 
incorporated by reference for all purposes. 
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Table II 

An algorithm to predict DRB1*0401 binding capacity, 
a) Original peptide set 

No. of peptides (Binding nM) 



Selection 
Criteria 


High 


biter, 

iqo-iobo 


Non 

>iobo 


Total 


None 


27 


53 


304 


384 


P1-P6 


27 


. 50 ., 


182 


259 


-17.00 " 


27 


45 


84 


156 • 


-16.44 " 


25 


35 


47 


107 



1) Algorithm score which predicts 90% of all binders. 

2) Algorithm score, which predicts 75% of all binders. 
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Table II 

b) Blind test of the predictive power of the bRBl*0401 algorithm. 

No. of peptides (Binding nM) 



Selection 
Criteria 


..High 


Inter... 
100-1000 


,Non . . 

>iddo 




None 




11 


36 


50 


P1-P6 




9 


28 


40 


-17.00 


3 ■■. 


... 8 




18 


-16.44 


3 


4 


■ 2 


9 
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Table in 

A combined "1-4-7' algorithm. 



Selection 
Criteria 



None 
P1-P6 



Combined Algorithms 
(90% Cutoff Value) 



Degenerate 
Binders " 



73/384 
72/259 

67/147 



Percent of Total 
Degenerate Binders 



100% 
99% 

92% 



Combined Algorithms 
(75% Cutoff Value) 



59/100 



81% 



1) Degenerate binders are defined as peptides binding atleast two out of the three 
DRl, 4w4, and 7 molecules with an ICSO of 1 (IM or le^ V 
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Table IV 



Phenotypic frequencies of 10 prevalent HLA-DR antiKens 



Antigen 


Alleles 


Cauc. 


Phenotypic Frequencies 
Blk. Jpn. Chn. Hisp, 


AVg. 


DRl 


DRBl»0101-(J3 


18^ 


8.4 


10.7 


4.5 


10.1 


10.4 


DR2 


DRB1»1501'03 


19.9 


14.8 


30.9 


22.0 


15.0 


20.5 


DR3 


DRBl»0301-2 


17.7 


19.5 


0.4 


7.3 


14.4 


11.9 


DR4 


PRB1»0401-12 


23.6 


6.1 


40.4 


21.9 


29.8 


24.4 


UK7 


DRBr070l-()2 


26.2 


11.1 


1.0 


15.0 


16,6 


14.0 


DR8 


DRBl»0801-5 


53 


10.9 


25.0 


10.7 


233 


15.1 


DR9 


DRBr0901 1,09012 


3.6 


4-7 


24.5 


19.9 


6.7 


11.9 


DRll 


DRBlMlOl-05 


17,0 


18.0 


4,9 


19.4 


18.1 


15 J 


DR12 


DRBfl201-O2 


2S 


5.5 


13.1 


17.6 


5.7 


8.9 


DR13 


DRB1M301-06 


21.7 


\6J5 


14.6 


122 


10.5 


15.1 


Total 




97,0 


83.9 


98.8 


95.5 


95.6 


94.7 
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Table Vn 



Frequency of Bindezs 



DRType Degenerate Degenerate 

Binders (%) Binders (%) 



1 31/32 (97) 17/67 (25) 

4w4 22;/32 (69) 8/67 (12) 

7 21/32 (66) 7/67 (10) 

9 20/32 (62) 2/67 (3^) 

6wl9 18/32 (56) 6/67 (8.9) 

2w2fib 18/32 (56) 16/67 (24) 

2w2Ga 16/32 (50) 10/67 (15) 

4wl5 12/32 07) W (6JJ) 

8w2 10/32 (31) 3/67 (45) 

5wn 9/32 (28) . 6/67 (8.9) 

5wl2 3/32 (9.4) 4/67 (6.0) 

3wl7 1/32 (3.1) 0/67 (0) 

w53 2/16 (13) 7/43 (16) 
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Table Vm 



Sequence 


Source 


Pot 


Conservancy 


Predicted 
'M»7 . 


IGPFMKAVCVEVEKT 


Pf TRAP 


227 


100 


3 


ILSVFFLAU-HIFN 
KSKYKLA15VLAGLL 


Pf EXPl 
Pf EXPl 


3 




3 


KYKLAT5VLAGLLGN 


Pf EXPl 


73 




3 
3 


LGNVKYLVIVFLIFF 


Pf TRAP 


4 


100 


3 


LSVFFLALFFIIFNK 


Pf EXPl 


4 




3 


LVNLLIFHINGKIIK 


Pf LSAl 


13 




3 


MKILSVFFLALFFn 


Pf EXPl 


1 




3 


MRKLAILSVSSFLFV 


PfCSP 


2 


95 


3 


NSSIGLIMVLSFLFL """" 


Pf CSP 


417 


95 


3 


NVKYLVIVFLIEFDL 


PfTRAP 


6 


100 


3 


SFYFILVNLUFHIN 


Pf LSAl 


8 




3 


VhhLALFFIIFNKES 


PfEXPl 


6 




3 


YFTLVNLUFHINGK 


Pf LSAl 


10 




3 


YISFYFILVNLUFH 


Pf LSAl 


6 




3 


AGLLCN VS 1 V LLGGV 


Pf EXPl 


82 




2 


ANQLWILTOGIPDS 


Pf TRAP 


153 


100 


2 


AYKFVVPGAATl*yAC 


Pf TRAP 


514 


80 


2 


UKELTMSNVKNVSQT 


Pf LSAl 


81 




2 


FNWNSSIGUMVLS 


Pf CSP 


413 


100 


2 


*• Y H LV N LLIi-HING 


PfLSAl 


9 






GLAYKFWPGAATPY 


Pf TRAP 


512 


80 


2 


GRDVQNNIVDEIKYR 


PfTRAP 


25 


90 


2 


HILYISFYFTLVNLL 


Pf LSAl 


3 




2 


HNWVNHAVPLAMKU 


Pf TRAP 


62 


80 


2 


IVFLIi-l-ULFLVNGR 


Pf TRAP 


12 


100 


2 


KFWPCAAn'YACEP 


Pf TRAP 


516 


80 


2 


KSLLRNLGVSENIFL 


Pf LSAl 


98 




2 


KYLVrvFLIrFDLFL 


Pf TRAP 


8 


100 


2 


LAl*LL.C*N VSTv LLCU 


Pf EXPl 


81 




2 


UUIM Vb 1 V LLGGVGLV 


Pf EXPl 


85 




2 


UhMJLhLvNGRDVQ 


Pf TRAP 


15 


100 


2 


uv viLJ iXarDSIQD 


Pf TRAP 


156 


100 


2 


QLWTLTDGIPDSIO 


11 1 K Al' 


155 


100 


2 


RGYYIPHQSSLPQDN 


Pf LSAl 


1669 




2 


RHNWVNHAVPLAMKL 


Pf TRAP 


61 


80 


2 


RHPFKICSSDPADNA 


Pf EXPl 


107 




2 


S5VFNWNSSIGUM 


Pf CSP 


410 


95 


2 


VFNWNSSIGUMVL 


Pf CSP 


412 


95 


2 


VKNVIGPFMKAVCVE 


Pf TRAP 


223 


100 


2 


VKYLVIVFUFFDLF 


PfTRAP 


7 


100 


2 


VSTVLLGCVGLVLYN 


Pf Exn 


88 




2 


WENVKNVIGPFMKAV 


PfTRAP 


220 


100 


2 


YKFWPCAATPYAGE 


Pf TRAP 


515 


80 


2 
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Table Vm 





OUXC€ 


P08 ^ 


Zonseivancy 


Preaicted 
1-4-7 


ENRWQVMIVWQVDRM I- 


nvi viF 


2 


81 


3 


ERYLKDQQLLGTWGCS V 


nVl ENV 


589 




3 


ESELVSQUEQLUCK I 


IIVl POL 


696 


80 


3 


FRKYTAFTIPSINNE F 


flVl POL 


303 


93 


3 


GQMVHQAISPRTLNA. I 


iiYi :gag.^„ ^ 


.172 , 


. ....J8:_.._^. 


3 


IPEWEFVNTPFLVKL I 


IIVl POL 


593 


93 


3 


IPPWAKEIVASCDK I 


^IVl POL 


770 


87 


3 


nreilkepvhgvyyd: i 


POL 


4a5 


87 


3 


PAIFQSSMTKILEPF 1 


^IVl POL 


336 


80 


3 


PPWAKEIVASCDKC 1 


-nVl POL 


771 


87 


3 


QEQIGWMTNhJPPIPV I 


-nVl GAG 


276 


81 


3 


QGQMVHQAISPRTLN 1 


-nVl GAG 


171 


85 


3 


SPAIFC3SSMTKILEP 1 


POL 


335 


80 


3 


TLNFPISPIETVPVK 1 


hUVl POL 


176 


100 


3 


VKNWMTETLLVQNAN ] 


KTVl GAG 


348 


81 


3 


VPVWKEATTTLFCAS 


HIVl ENV 


54 


81 


3 


VSTEFVhnTI^VKLWYQ 


HIVl POL 


596 


93 


3 


VWKWEEKAPSPEVI 


HIV GAG 


187 


33 


3 


YYGVPWVKEATrrLF 


HIVl ENV 


51 


83 


3 


ASDFNLPPWAKEP/ 


HTVl POL 


765 


80 


2 


ASGYIEAEVIPAErG 


HIVl POL 


822 


93 


2 


DFNLPPVVAKEIVAS 


HIVl POL 


767 


87 


2 


EAIIRILQQLLFIHF 


HIVl VPR 


58 


82 


2 


EKVYLAWVPAHKCIC 


HIVl POL 


711 


93 


2 


ET A YFLLKLAGRWPV 


HTV POL 


838 


65 


2 


EVQLGIPHPAGLKKK 


HIVl POL 


268 


80 


2 


FWEVQLCIPHPAGLX 


HIVl POL 


266 


100 


*i 

2 


GCTLNFPlbl'i 1 1 VP 


HIVl POL 


174 


lOO 




CHYKRWIILGLNKI 


HIVl GAG 




oc 

ob 


d. 


GTVLVGriPVNIIGR 


HTvl POL 


153 


100 


Z 


HKAICTVLVGTTPVN 


HTvl POL 


149 


93 


Z 


IGTVLVGPTPVN nc 


HIV POL 


152 


74 


2 


KRWIILCLNKF/RMY 


HIVl GAG 


298 


68 


2 


KVYLAWVPAHKGIGG 


HIV POL 


712 


74 


2 


UCTTAVPWNASWSNK 


HIVl ENV . 


607 




2 


LLQLTVWGIKQLQAR 


HIVl ENV 


731 


80 


2 


NFPISPrETVPVKLK 


HIVl POL 


178 


100 


2 


PQGWKGSPAIFQSSM 


HIVl POL 


329 


87 


2 


PVNIIGRNLLTQIGC 


HIVl POL 


161 


87 


2 


QHLLQLTVWGIKQLQ 


HIVl ENV 


729 


80 


2 


QQHLLQLTVWCIKQL 


HIVl ENV 


728 


80 


2 


5PEVIPMFSALSEGA 


HIVl GAG 


197 


88 


2 


i KtiLv,^i\.V^l 1 J\JlV,^iMrK 


UTV/ POT 




D/ 




TVLVCPTPVNnCRN 


HIVl POL 


154 


100 


2 


VEAIIRILQQLLHH 


HIVl VPR 


57 


82 


2 


VIPMF5ALSECATPQ 


HIVl GAG 


200 


88 


2 


VNIICRNLLTQIGCr 


HT/l POL 


162 


87 


2 


WGGSGKUCrrAVPWN 


HIVl ENV 


601 




2 


WnLCLNKIVRMYSP 


HIVl GAG 


300 


88 


2 


YKRWnLGLNKIVRM 


HIVl GAG 


297 


68 


2 


HLVNLLIFHINGKI 


Pf LSAl 


11 . 




3 
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Table VUI 



Sequence 


Source 


Fob 


Conservancy 


Predicted 


AEDLNLGNLNVSIPW 


HBV POL 


38 


95 


3 


DLNLGNLNVSIPWTH 


HBV POL 


40 


95 


3 


UhhlXllULnPQSL 


HBV ENV 


181 


60 


3 


IFLFILLLCUFLLV 


HBV ENV 


245 


80 


3 


NLNVSIPWTHKVGNF 


HBV POL . 


45 


95 


3 


PFLLAQFTSAIC5W 


HBV POL 


523 


95 


3 


RF5WLSLLVPFVQWF 


HBV ENV 


332 


100 


3 


SPFLLAQFTSAICSV 


HBV POL 


522 


95 


3 


SVRF5WLSLLNa*FVQ 


HBV ENV 


330 


80 


3 


AFSYMDDWLGAKSV 


HBV POL 


546 


90 


2 


AGFFLLHULTIPQS 


HBV ENV 


180 


80 


2 


FVQWFVGLSPTVWLS 


HBV ENV 


342 


95 


2 


GAHLSLRGLPVCAFS 


HBV X 


50 


90 


2 


CTSFVYVPSALNPAD 


HBV POL 


774 


80 


2 


CVWERTPPAYRPPNA 


HBVNUC 


123 


95 


2 


HLSLRGLPVCAFSSA 


HBVX 


52 


90 


2 


lU-u-lLLLCUFLL 


HBV ENV 


244 


80 


2 


ILLLGUFLLVLLDY 


HBV ENV 


249 


95 


2 


lYGLLGFAAPFTQCG 


HBV POL 


636 


90 


2 


KFAVPNLQSLTNLLS 


HBV POL 


406 


95 


2 


LAQFTSAICSWRRA 


HBV POL 


526 


95 


2 


LCUFLLVLLDYQGM 


HBV ENV 


252 


95 


2 


LCQVFADATPTGWCL 


HBV POL 


694 


95 


2 


LHLY5HPIILGFRKI 


HBV POL 


501 


80 


2 


LLCUFLLVLLDYQG 


HBV ENV 


251 


95 


2 


LVLLDYQGMLPVCPL 


HBV ENV : 


2S8 


90 


2 


LVPFVQWFVCLSPTV 


HBV ENV 


•339 


95 


2 


PLPIHTAELLAAeFA 


HBV POL 


722 


80 


2 


QCGYPALMPLYAQQ 


HBV POL 


648 


95 


2 


RDLLDTASALYREAL 


HBV NUC 


28 


80 


2 


SFGVWIRTPPAYRPP 


HBV NUC 


121 


90 


2 


SVVL5RKYTSFPWLL 


HBV POL 


750 


85 


2 


VGLLGFAAPFTQCGY 


HBV POL 


637 


95 


2 


VPNLQSLTNLLSSNL 


HBV POL 


409 


85 


2 


WPKFAVPNLQSLTNL 


HBV POL 


404 


95 


2 


KVLVLNPSVAATLGF 


HCV 


1255 


100 


3 


PTLWARMILMTHFF5 


HCV 


2870 


79 


3 


ADLMGYIPLVGAPLC 


HCV 


131 


79 


2 


AVQWMNRUAFASRG 


HCV 


1917 


100 


2 


DLEUTSCSSNVSVA 


HCV 


2812 


93 


2 


DLYLVTRHADVIPVR 


HCV 


1134 


79 


2 


EDLVNLLPAILSPGA 


HCV 


1882 


79 


2 


FTTLPALSTGUHLH 


HCV 


684 


79 


2 


O Ai^L V V LA 1 A 1 ri'GS 


HCV 


1345 


79 


2 


aQYLAGLSTLPCW 


HCV 


1776 


100 


2 


GVNYATGNLPGCSF5 


HCV 


161 


79 


2 


IQYLAGLSTLPGNPA 


HCV 


1777 


100 


2 


LHCL5AF5LHSYSPG 


HCV 


2919 


79 


2 


VNLLPAILSPGALW 


HCV 


1885 


79 


2 


VQWMNRUAFASRCN 


HCV 


1918 


100 


2 


YKVLVLNPSVAATLC 


HCV 


1254 


100 


2 
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Cliass II Peptides 

Peptide A A Soquonce Source 



008.00 


1 D 


CAI I C1^niTAC\/Kir*AIC 




200.06 


« £t 
1 o 


oAL^bo A 1 rvJlAJV 1 IVIL 


. niv gp^s ■^i«30 


213.10 


1 6 


KH^AI CI CDl^ni AAtfVtf 

Ni\AL±:UrnNUiAAI\TN 


Cl^ \A/ fvlun 1*19 1 A7 

dp* W. aiyo. iJfc-l^r 


506.01 


20 


NKALcLJ^HKuiAAIVTfscuVaT 


C\AI 4 19^4C4 


506,03 


. 1 o 


Al Cl CQI^rMAAI^i^Cl ftV • • 
ALcLrHIVLIiAAJVTNcLrUT ... 


<iK '\Ai t-nwys 1 lA.4 isl 

op« Yv myo. I**** 131 


506.05 


1 6 


CI CDi^niAAiofi^ci 


dp. w inyo. loo-ipi 


S70.01 • = 


.■.■\.^-z,'.:-'. ■ • 


LIAlfn AVnCTTAQDrSt C ... 


. ^»ai_onocit_r jyi ^ 


705.06 




KVTIJ^MMlsMfefelxTNLI SiVLM 


Ou9 970 OOU 


717.04 


14 


TAor*VM 1 1 i»rlr^r 1 *nnc . 


curnDiniiionaii opitrniAifvi 


BS7.02 


20 


rnnl AUSaAlLCVVCifcLM 1 LA 


LJD\f CA-Aa 


S65.01 


1 5 


;Ti>MlsMvnAAnAi\Ml\M 


W VA 'l\IVI COiB QicionBion 


FOS0.03 


20 


urT 1 luAVKUlruiJTNl liW 


PI P Qi i-in 


Poag.oi 


1 5 




Tyrosinase 66-70 


F098.03 


20 


A AVA A/'%AVI^/l V#l KIPCV/AAT 

A A T A AOQT fsVLV LNr 5 V AA 1 


nw V IVoo . 1 242- 1 ZO 1 


F098,04 


20 


QYKvLvlJJ rSVAATLQrviAT 


Ur*\i KlCS 4 i9Jia 4 OCTT 

MyV Noo .iZ4d«iZd7 


F098.05 


14. 


QYlwLVLNPSVAAT 


t_lr^\# A^l&*« 4404 

nCV N53 IZAo-iZoi 


F098.06 


1 9 




UDw r*#fc»« 07^4 nc 


P098.10 


12 


viU\rrlUULVWrnl 


HOV \«OrB v^lUP 


f134.04 


20 


1 l^Or 1 KuLT HLvS AVUNtI I 


Ur^w MCA 4.9n 
nL*v ivoH i»4tW. 


F1 34.05 


20 . 


kiciemr^vi Aft! eri DftMDA 




F 134.08 


A 4 

21 


^acwAVUV\nvii>tHUArAorKAlw1 • 




IA*p5 


4 T 


V^wMnlVlMI nU.iV»n* 


liAi'kdca ifiwsHant chsin fl5»i01 


Tf-28 p1 


9 A 




Humnn invuriAnt ehftin 8&>103 


27.0279 


1 9 




HBV NUC 117 


£ r .U2DU 


1 5 


GVWIRTPPAYRPPNA 


HBV NUC 123 




15 


RHYLHTLWKAGILYK 


HBV POL 14S 




1 5 


VFNLOSLTNLL8SNU 


HBV POL. A09 




15 


. WVTVYYGVPVWKEAT 


HIV1 ENV 47 


97 090"^ 


IS 


YYGVPV/WKEaTTTLF 


HIVI ENV 51 


97 09Q4 


1 5 


VPVWKEATTTLFCAS 


HIV1 ENV Si 


97 n9Q^ 


15 


LSQIVCX)C3NNULRA1 


HIVi ENV 711 




IS 


OQHLLQLTVSAiQIKQL 


HIVI ENV 726 


27.0297 


1 C 




HIVi ENV 729 


27 .029o 


■ 3 


1 1 OLTVWBIKDLQAR 


HIVI ENV 731 


27.0304 


4 C 


fVV^MVHOAl^PnTI M 
^MiwfVivnwAiorTi i u« 


HIVi GAG 171 


27.0307 


1 9 


QPPVIPMP&At fiPfiA 


HiVl GAQ 197 


27.0310 


4 C 


r^{Nr«^A/tu^rM^JPPtP\/ 


HIVI GAG 276 


27.031 1 


4 e 




H1V1 GAG 29d 


27.031 2 


4 C 

1 b 


VlfDWtll n.\ KIICIX/DM 
T rvrtwiiL,v3LiNr\ivmvi 


HIVI GAG 297 


27.0313 


4 C 


rsri vviiUwUTi^i vnM T 


HIVI GAG 298 


27.031 4 


4 c 
1 9 


Vw 1 1 LsJ UPi f\l V n M T O r 


HIVi QAQ 300 


27.0315 


4 C 

1 5 


\/inki\Aiiumrn t v/nKiAKi 

vr^lMWIVi Id UUVWrHMIv 


HIVI GaG 346 


27.0322 


1 o 


f%TVl VRPTPX/MIIGR 

Ul 1 VLiVwr 1 r VWIIwrT 


HIVI POL 153 


27.0324 


IS 


PVMllGRhaJLTQlGC 


HIVI POL 161 


27.0326 


IS 


GRNILTQIC3CTINFP 


HIVI POL 166 


27,0328 


1 5 


TLNFPISPIETVPVK 


HIVI POL 176 


27.0329 


15 


NFPISPIETVPVKIX 


H!V1 POL 178 


27.0341 


15 


FRIOTTAFTIPSINNE 


HIVI POL 303 


27.0344 


15 


SPAIFQSSWTKILEP 


HIVI POL 335 


27.0345 


15 


PAIFQSSMTWLEPF 


HIVI POL 336 


27.0349 


15 


QKLVQKUWASQIYA 


HIV1 POL 437 


27.0350 


15 


VGKLNWASQIYAGIK 


HiVl POL 440 


27.0351 


15 


NREILKEPVHGVYYD 


HIVI POL 485 


27.0353 


15 


iPEWEFvr^rrpPLVKL 


HIVI POL 593 


27.0354 


IS 


WEFVNTPPtVKLWYQ 


HIVI POL 596 


27.0360 


15 


EQLIKKEKVYLAWVP 


HIVI POL 705 
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Peptide A A Sequeneo 



27.0361 


1 d 


cISVTU/^VvVrArirvulu 


niY1 rOL 711 


27.0364 


1 9 


H anrW H AM Ao t/r IN 


Lii\/4 DrM ^Cfi 
nivi rOU 790 


27,0370 


. 1 9 


MOO T ICMC Vir^MC 1 VJ 


flivi rUL 


27.0972 


I- O 




nivi rwL wii 


Z7.U373 


1 9 


KTAVOMAVRHNPKR 


nivi nwL !#i9 


27.037/ 


1 o 


OKomaoMPRWVP 


I4i\/1 OOt QI^A 


27;0379- 






Uli\/1 pot Ofl9 


27.0381 


1 o 


ciNtvOfWViwy vvvw vUriM 


Hiyi VIr Z 


27.0382 


15 


\/CAiiiati rv^i i ciu 

VCAI IHlLUUU^Irl 


lj|W4 IfDD C7' 

nlVl Vrn S7 


27.0364 


1 9 


rNWNoaivaLiIwIVLS 


Ot f*6D ii4'9' 

ri uSr 413 


27.0387 


1 6 


M^^TTQKQt^|V\^T5U^^ 


PT Cor 53 


27 .0388 


1 5 


MnKLAILSVoorLFV 


pr csp 2 


27.0390 


1 5 


k.if^f*ii*<>l 1ft M ft c«^t n 

NSSIGuMVLSFLFL 


PI CSP 417 


27.0392 




55 vr NVVNS 51 viU M 


Pr CSr 410 


27.0393 


1 5 


MIS! IJ5 V h h LALr rll 


PI cXrl 1 


27.0398 


1 5 


HLVNLUrMINQKl 


PI. LSAl 11 


27.0400 


1 5 


m LTi 5r TrlLVNlX 


DC 1 eA4 ^ 

rl . LSAl 3 


27.0402 


1 9 


. . iHLi~ riiiiKar\iii\ni8>c 




27.0403 


1 » 


t VKIt 1 tmiKIfiSICIIIC 


Df 1 QA1 1^ 


27 .0406 


1 o 


hll 1 in-IIMfticillCKlfi 


P< t CA1 iC 


£ / .Ui»ua 






P( LSAl ad 


27.0412 


1 1! 


AYKFVVPQAATPYAQ 


Pf ^5?P9 <«5A 
r 1 OOr£ 91*» 




1 9 




PI SBP2 






V/KNMQPFMKAVCVE 


Pt SSP2 223 


27 0418 


1 5 


WENVKNVtGPfMKAV 


PI SSP2 220 


1 i Bfi n4 

1 1 OD.y*! 


1 5 


CSWRRAFPHCLAFS 


HBV POL 534 


1 1 OD.vD 


1 5 


FVCaWFVGLSPTVWLS 


HBV ENV 342 


1 1 AR 1 O 


15 


laqftsaicsna^ra ■ 


HBV POL 526 


1 1 OD. 1 9 


15 


LVPFVQWFVGLSPTV 


HBV £NV 339 


4 i ac 1 D 


1 c 

1 o 


NLS\An_SLDVSAAF>H 


HBV POL 422 


1 1 nR 9 c 

1 1 


15. 


SFGVWIRTPPAYRPP 


HBV NUC 121 


1 1 PO. c O 


1 5 


spfllaqftsaicsv 


HBV POL 522 


1 1 Aft 57 


1 S 
• •* 


SSNLSWLSLDVSAAF 


HBV POL 420 


1 1 DOaV 1 


1 5 


OKELTMSNVKISIVSQT 


Pf LSAl 81 


1 1 88.1 3 


1 5 


agugnvstvllggv 


PI EXP1 82 


1 1 88.1 6 


1 £ 


KSKYKLATSVLAGLL 


Pf EXP1 71 


1 1 RB 


1 5 


glaykfwpgaatpy 


PI SSP2 512 


4 1 RB n A 


1 5 


hnwvnhavplamku 


Pf SSP2 62 


1 1 OO. Jo 


1 9 


IGPPMKAVCVEVE KT 


Pf SSP2 227 


1 1 68.38 


4 e 

1 D 


tC/ICt ACValAGGl Al I 

f\ 1 fxl M VSM IMViTVa l^4^W 


Pf SSP2 404 


1 1 00.49 


1 9 


AMNAAA/NHAVPLAMKl 


P! SSP? 61 


rOS 1 .1 9 


1 D 




HlVl ENV S6B 


rl07*03 


1 o 




HRV POl Al? 
nuv r\j^ '9%^ 


~ 1 Wf »w*t 


1 fi 

1 o 


PFLLAOFTSAICSW 


HBV POL 523 


F1 07.09 


15 


kyklatsvugllgn 


PI EXP1 73 


Pi 07.10 


15 


LAGLLGNWSTVLLBG 


Pf EXP1 81 


F1 07.11 


15 


RHPFWGSSOPADNA 


Pf EXP1 107 


F107.14 


15 


ANQLWILTOGIPOS 


PI SSP2 153 


F107.17 


1 5 


KFWPGAATPYAGEP 


Pf SSP2 516 


F107.23 


IS 


VFIWVNSSIQLIMVL 


Pf CSP 412 


35.0093 


15 


VGPLTVNCKRRLXU 


HBV POL 96 


35.0096 


15 


ESRLWDFSQFSRGN 


HBV POL 387 


35.0100 


15 


LCQVFAOATPraWQL 


HBV POL 683 


35.0106 


15 


VVWATDALMTQYTG 


HCV 1437 


35.0107 


IS 


TVOFSLDPTPnETT 


HCV 1466 


35.0125 


IS 


AETFYVDGAANRETK 


HIV POL 619 



2 
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Peptida 



AA 



42 



Soquonee 



Class II Peptides 

Souro* 



35.0127 

35.0131 

35.0133 

35.0135 

35.0171 

35.0172 

1280.02 

1280.03 

12B0.04 

1280.06 

1280.08 

1280.09 

1280.12 

1280.13 

1280.16 

1280.16 

1280.21 

1280.22 

1280.23 

1280.25 

1283.02 

1283.10 

1283.11 

1283.12 

1283.13 

1283.14 

1283.16 

1283.17 

1283.20 

1283.21 

1283.22 

1283.24 

1283.26 

1283.30 

1283.31 

1283.33 

1283.34 

1283.36 

1283.37 

1283.44 

1283.50 

1283.S5 

1283.57 

1283.61 

1298.02 

1298.03 

1298.04 

1298.06 

1298.07 

1298.08 

1298.10 

1298.11 

1298.13 

1298.16 

F 125.02 

F12S.04 



1 5 EVNivrosQyAuaii 

1 5 WAQtKQEFQlPYNPQ 

IS QAWK3DNSDIKVVP 

1 5 YRKILRQRWORUD 

1 5 POSIQDSLKESRKLN 

15 .KCNLYADSAWENyW.^^._ 

1 5 IGTVtVdFTPVNIIQ 

16 kVYLAWVPAHKQIGG 
15 TKBJQKOITKiQNPR 

1 5 AQFFLLTRIinPQS 

1 5 GFFaTHILTIPQSL 

15 GTSFVYVPSALNPAO 

15 ilFLFiaLCUFLL 

15 KFAVPNIQSLTNLLS 

1 5 LHLYSHPtlLGFRKI 

15 ULCUFlLVLiDYQQ 

1 5 VGaGFAAPFTQOGY 

15 FYFILVNLUFHING 

15 KSLLRM.GVSENIFU 

15 RGYYIPHQSSLPQDN 

IS VYLLPRRGPRLGVRA 

IS GHRMAWOMMMNWSPt 

15 CGPS/YCFTPSPWVG 

IS VYCFTPSPNAA/GTTD 

15 GNNAreCTVVMNSTGFT 

15 FTTLPAlirrGUHLH 

IS SKGWRLLAPrr AYAQ 

IS DLYLVTRHADVIPVR 

1 5 AQGYKVLVLNPSVAA 

1 5 QYKVLVLNPSVAATL 

15 VLVLNPSVAATLGFG 

IS QARLWLATATPPQS 

1 5 DXAAT/ATDALMTGYT 

1 5 RGLTHIDAHFLSQT 

IS YLVAYQATVCARAQA 

1 5 LE>ArTSTWVLVQG\/L 

1 5 TWVLVGGVLAALAAY 

1 5 AKHMWNHSGIQYU 

1 5 lOYLAGLSTUPGNPA 

1 5 MNRUAFASRGNHVS 

1 S SYTWTGALrrPCAAE 

1 S GSSrOPOYSPGORVE 

1 5 LEUTSCSSNVSVAH 

1 5 ASCLRKUGVPPIBWV 

1 5 VGNFTGLYSSTVPVF 

1 5 TNFULSUGIHINPNK 

1 5 KC3CFRKLPVNRPIDW 

1 S KQAFTFSPTYKAFLC 

1 5 AANWILRGTSFVYVP 

1 S PDRVHFASPLHVAWR 

1 S IRPWSTQUiMSSL 

1 5 RSELYKYKWKIEPL 

1 5 DRFYKTLRAEQASQE 

1 5 KVILVAVHVASQYIE 
1 7 LVNLUFHINQKIIKN5 

1 6 RHN\WNHAVPLAMKU 



HIV POL 674 
HIV POL 874 
HIV POL SlB9 
HIVVPU31 
PI SSP2 16S 
Pf^P2 211 
HIV TOLIM ' 
HIVPOL712 
HIV POL 952 
HBVENV180 
HBVENV181 
HBV POL 774 
HBV ENV 24^ 
HBV POL 406 
HBV POL SOT 
HBVENV2S1 
HBV POL 637 
P!LSA19 
Pi LSA1 98 
PI LSA1 1669 
HCV Cor* 34 
HCVE1 315 
HCV NS1/E2 506 
HCV NSiyE2 609 
HCV NS1/E2 SSO 
HCV NS1/E2 684 
HCV NS3 1025 
HCV NS3 1134 
HCV N$3 1251 
HCV NS3 1253 
HCV NS3 1256 
HCV NS3 1345 
HCV NS3 1436 
HCV NS3 1567 
HCV NS3 1591 
HCV N64 1658 
HCV NS4 1664 
HCV NS4 1767 
HCV NS4 1777 
HCV NS4 1921 
HCV USS 2456 
HCV NS5 2641 
HCV N55 2813 
HCV NSS 2830 
HBV POL 53 
HBV POL 568 
HBV POL 615 
HBV POL 661 
HBV POL 764 
HBV POL 824 
HIVI ENV 333 
HIV1 ENV 637 
HIVI GAG 333 
HIVI POL 813 
Pf LSA1 13 
Pr 5SP2 61 
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WHAT IS CLAIMED IS: 

1. A composition comprising an isolated peptide that induces a CTL 
response and a T helper peptide comprising a motif of about nme residues wherein the first 
position from the N terminus of the motif is Y, F, W, L, I, V, M and the sixth position 
5 from the N terminus of the motif is S, T, C, A, P, V, I, L, M. 

2; The composition of claim 1, wherein the T helper peptide consists of 
between about 10 and about 24 residues. 

10 3 . The composition of claim 1 , wherein the T helper peptide is derived 

from a viral antigen. 

4. The compositionof qlaim 3, Avherein the viral antigen is from HIV, 
HBV, orHCV. 

15 ■ . . ■ • 

5. The composition of claim 1, wherein the T helper peptide is derived 
from a parasite. 

6. The composition of claim 5, wherein the antigen is P/aj:mc>rf/«m 

20 falciparum. 

7. The composition of claim 1 , wherein the peptide that induces a CTL 
response is linked to the T helper peptide. 

25 8. A metihod of inducing a CTL response in a patient, the method 

comprising contacting a cytotoxic T cell from the patient with an isolated peptide that 
induces a CTL response and a T helper peptide comprising a motif of about nine residues 
wherein the first position from the N terminus of the motif is Y, F, W, L, I, V, M and the 
sixth position from the N terminus of the motif is S, T, C, A, P, V, I, L, M. 

30 
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9. The method of claim 8, wherem the step of contacting is carried out 
by administering to the patient a pharmaceutical composition comprising the nucleic acid 
encoding the peptide that induces a CTL response and the T helper peptide. 

10. The method of claim 8, wherein the the peptide that induces a CTL 
response is linked to the T helper peptide. 

11. A composition comprising a peptide as shown in Table y III. 

12. A method of inducing a helper T cell response in a patient, the 
method comprising contacting a helper T ceU with a peptide of claim 1 L 

13 . The method of claim 12, wherein the step of contacting is carried 
out by administering to the patient a pharmaceutical composition comprising the peptide. 



14. The method of claim 12, wherein the step of contacting is carried 
out by administering to the patient a pharmaceutical composition comprising a nucleic acid 
encoding the peptide. 
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